active life (N ovem ber-D ecem ber 1960), 0 + ions p red o m in ated from th e perigee a ltitu d e (425 km ) up to a b o u t 800 k m a t n ig h t a n d 1500 k m a t d iu rn a l m ax im u m ; th e base o f th e helium ion region w as lo cated a t 800 k m d u rin g th e sunrise period a n d a t 1500 k m in th e day -tim e; th e base of th e p rotonosphere possibly w as located a t 1200 km d u rin g th e sunrise period an d above 1800 k m a t d iu rn al m axim um .
F o r th e la titu d e s in d icated , th e electron te m p e ra tu re (Te) d a ta w hich in th is re p o rt are restricted to m agnetically q u iet day s (Ap < 15) are co n so n an t w ith c u rre n t m odels o f th e d iu rn al electron d en sity beh av io u r a n d w ith a hyp o th esis o f solar u ltra -v io le t ra d ia tio n as th e only ionizing agen t. F o r th e 6 h period cen tred a t m id n ig h t, th e average Te observed a t altitu d es of 425 to 600 k m w as 900 °K w ith a s ta n d a rd d ev iatio n o f 150 °K. T here w ere no anom alously high values an d no significant change w ith m agnetic dip (0 to 75° N ). F o r th e period 10 to 16 h d .m .t ., a t m agnetic dips betw een 50 a n d 70° S a n d a t a ltitu d e s b etw een 1000 a n d 2400 km , th e observed average Te w as 1600 °K (s.d. 200 °K) . T he m o st p ronounced fe atu re of th e m easu red d iu rn al v a ria tio n is t h a t Te exceeds th e n e u tra l gas te m p e ra tu re b y a facto r of a b o u t 2*5 d u rin g th e sunrise period a t 600 to 900 km . Suggestions are m ade for th e ex p lan a tio n of differences betw een th e E x p lo rer V I I I Te o b serv atio n s a n d o th e r m easu rem en ts.
T he m easured satellite-p lasm a in te ra c tio n is co n sisten t w ith th eo re tic a l ex p e c ta tio n lending confidence to th e above-described geophysical results. T he observed 'a v e ra g e ' p o te n tia l of th e satellite v aried from a few te n th s o f a v o lt n eg ativ e a t n ig h t, to zero w hen th e m easured day -tim e charged p article d en sity w as 104 cm -3 a n d th en ce to a few te n th s o f a v o lt positive for d ay -tim e densities of 103 cm -3. S uperim posed on th e 'a v e ra g e ' p o te n tia l were p o te n tia l g rad ien ts across th e satellite skin, a n effect p ro d u ced b y th e m o v em en t o f a conducting bod y th ro u g h a m agnetic field. T he m easu red o rie n ta tio n se n sitiv ity of th re e ty p es of cu rre n t flowing betw een th e satellite a n d th e ionosphere is described.
I n t r o d u c t i o n
The Explorer V III satellite was devoted primarily to the measurement of upperionospheric parameters by environmental sampling techniques. Before its successful launching, the ionosphere had been studied principally by classical ground-based and rocket-borne radio-propagation methods. The success of environmental sampling methods depends on a competent evaluation of the complicated interaction processes which take place between a spacecraft and the ionized medium which surrounds it. The relative absence of spaceflight observa tions on the interaction phenomena dictated th a t: (a) the spacecraft configuration be as simple as possible, and (6) th at it carry supporting experiments designed specifically to study the interaction and thus permit valid interpretation of the geophysical data.
The interaction was minimized by: (a) restricting the use of protuberances, (b) abstaining from the use of solar cells in order to maintain an equipotential surface, and (c) limiting the telemetry transm itter power to a value which previous results showed would not seriously affect the vehicle potential. These factors proved advantageous in th a t the studied interaction is quite explainable from kinetic theory considerations as applied to satellites (Gringauz & Zelikman 1957) thus lending confidence to the reported ionospheric parameters. On the other hand, the limited active life together with the nature of real time telemetry transmissions and the scarcity of receiving sites capable of accepting the low signal levels did restrict the acquired data to specific latitude, altitude and temporal conditions.
The satellite was launched on 3 November 1960, into an orbit with a 50° inclination, a perigee of 425 km and an apogee of 2400 km. The planned active life was two months. The spacecraft shown in figure 54, plate 12, consisted of two F ig u r e 54. T h e E x p lo re r V I I I s a te llite . 1, R e ta r d in g p o te n tia l p ro b e ; 2, io n c u r r e n t m o n ito r ; 3, e le c tro n te m p e r a tu r e p r o b e ; 4, a s p e c t se n so r.
(Facing p. 488) truncated cones joined at the equator. Thermal coatings were placed on both cones in a pattern conducive to the maintenance of an equipotential surface. The spin rate at injection was reduced to an orbital value of 22 rev/min so th at re tarding potential curves could be obtained for a minimum orientation change. Of the ten experiments, six are pertinent to this report.
Two different but gratifyingly redundant electron temperature sensors were located near the forward end of the spin axis. One of these also provided data on the ambient electron density, the average potential (<^0) of the satellite, and the behaviour of the electron current ( i e ) flowing from the a function of position relative to the velocity vector. This electron temperature sensor is identified in figure 54 ; the other was located diametrically opposite. The remaining four sensors were located on the satellite's equator, two being identified in figure 54 with the remaining two located diametrically opposite. One of these was a retarding potential analyser designed to measure ion composition. The second measured the ion current (i+) flowing from the medium to the satellite as a function of position relative to the velocity vector. The third measured the sum of ie and of the photocurrent (ip). When this sensor is not oriented toward the sun, a comparison of its output with the ie measurement made near the forward end of the spin axis permits a determination of the behaviour of ie as a function of magnetic-field orientation. The fourth experiment provided confirmation in th a t it measured the sum of ie, i+ and ip and thus of the total current the spacecraft and the ionosphere.
Explorer VIII satellite measurements in upper ionosphere 489 2. T h e p o t e n t i a l o f t h e E x p l o r e r V III s a t e l l i t e The 'average' potential of a conducting body at rest where r.f. and magnetic fields and solar radiation may be neglected is given by
where k is Boltzmann's constant, e is the electronic charge and J e and J + are the respective electron and ion current densities which flow in the undisturbed iono sphere. On the assumption of temperature and charge equilibrium between electrons and ions (Te = T ; nen+),this reduces to
where m + and me are the respective ion and electron masses. In a medium con taining only 0+ ions at a temperature of 1000 °K, the computed potential is -0-44 V.
In the practical case of a conducting body moving with satellite velocity through the night-time ionosphere, the average potential (again neglecting the effects of r.f. and magnetic fields) is given by
where Se and S + are the areas over which the respective electron and are effective. I t can be shown that this reduces approximately to (4) where ve and V are the respective electron and satellite velocities. For T e = 1000 °K, the computed average potential is approximately -0-29 V. This is to be compared with measured Explorer V III night-time average potential values between -0-5 and -0-75 for the electron temperature indicated. This is an order-of-magnitude improvement in the agreement between measured and predicted satellite potentials over th a t obtained by other investigators, specifically Krassovsky (1959) who reported negative potentials up to 6 V from Sputnik III. Factors which might contribute to the difference between predicted and observed Explorer V III night time potentials are the presence of r.f. and magnetic fields, which are not taken into account in equation (4) thus affecting the predicted result, and a contact potential which can influence the experimental value. The rectification effect of antennas used for telemetry transmissions would tend to make the vehicle potential more negative than th a t computed from equation (4). The Japanese work (Aono, Hirao & Miyazaki 1961) on resonance probes demonstrates th at if the frequency of r.f. transmissions exceeds the plasma frequency, the effect should be small. Whale (1963) , on the other hand, points out th at this is so only for low values of r.f. power. I t is possible, therefore, from the work of other investigators to show qualitatively th at a large increase in potential would not be expected for the amount of power (100 mW) and the frequency (108Mc/s) used by the Explorer V III telemetry system. However, these other data are not quantitative enough to state categorically th at an increase of a few tenths of a volt, which is the difference between the predicted and observed Explorer V III values, is not possible from the r.f. rectification effect. The earth's magnetic field can affect the electron diffusion current preferentially. However, for the Explorer V III form factor and orbit considered here, Whipple (private communication) computes a negligible effect of the magnetic field on the average satellite potential. Another possibility is an unknown in the measurement of the spacecraft potential. This measurement, described in detail in a later section, depends on the assumption th a t the aperture electrode of the measuring instrument is at the same potential as the adjacent satellite skin. Possible differing work functions could result in different surface contact potentials and consequently introduce an error in the measurement.
Consider now the more complicated case of day-time satellite potentials. Solar radiation causes electrons to be emitted from the satellite surface such th a t 4 _ M'.fa J -W e fJ +dS+ + fJ" d % '
For the altitudes considered here, the photocurrent effect (j masks the ion diffusion effect ( J j +d $ +) and thus competes with electron diffusion ( J / ed$ e) for the determination of the polarity of the satellite potential. For an orientation where the sun shines directly on the satellite's equator, Se is approximately 4 x The observed magnitude from Explorer V III of is 5 x 10~9 A cm-2 (Bourdeau, Donley, Serbu & Whipple 1961) , a value independent of altitude for the particular orbital elements. This is to be compared with a value of 2-3 x 10~9 A cm-2 pre viously measured by Hinteregger, Damon & Hall (1959) on a rocket at a lower altitude. The transition from a negative to a positive satellite potential for the Explorer V III case can be predicted to occur when 4Je = eneve = 5 x 10"9 A cm-2. For T e = 1 0 0 0 °K, it is predicted th at the polarity of the satellite potential will reverse for 103 cm-3 < ne < 104 cm-3. This is consistent with our observations th at the average day-time Explorer V III potential was approximately -0-15V for ne ^ 104 cm-3 and a few tenths of a volt positive at apogee when ne ^ 103 cm-3.
A, plane lorer VIII satellite measurements in upper ionosphere 491 The motion of the satellite with velocity (V) through the magnetic field (B) produces an induced potential th at is a function of position on the satellite surface,
where d is the vector distance of any point on the surface from the satellite centre. A satellite potential of cj)Q will be measured at all points th at lie on a plane through the satellite centre perpendicular to V x B. All other points will be more positive or negative than (p0 as they are situated on one side of this plane or the other as illustrated in figure 55. The measurement (Bourdeau et at. 1961) at an altitude of 1000 km shows a potential difference of 0-14 V across the satellite equator, a value consistent with that computed from equation (6) for known values of V, B and d.
3 . M e a s u r e m e n t s o f p l a s m a -t o -s a t e l l i t e i o n c u r r e n t
The positive ion current ( i+) flowing from the ionosphere was sensor shown schematically in figure 56. The inner grid is biased negatively to suppress photoemission from the collector and to remove incoming electron current so that the collector responds only to ions diffusing from the ionosphere.
As the satellite spins, it is possible to plot i+ as a function of the azimuth angle of the sensor relative to the velocity and solar vectors. A typical example is illustrated in figure 57 . The absence of a current when the sensor is pointed at the sun is proof th at photoemission from the collector has been successfully suppressed. The observation th at i+ is zero in the satellite wake is to be expe relative satellite and ion velocities and is definite but indirect experimental evidence for an electron sheath immediately adjoining the vehicle at this location. When the sensor is pointed within 45° of the velocity vector, the observed collector current is given by the equation
where < x+ is the combined electrical transparency of the grids for positive ions, A is the area of the collector and 6 the angle between the sensor normal and the satellite velocity vector. A comparison of the measured from this sensor with th a t observed on an exposed collector described in a succeeding section shows th at the electrical transparency a + is equal to the optical transparency (92%). Whenever, as in this case, the average satellite potential is negative and V is large compared to the thermal velocity of the ion, the ion collection volume is computed from known parameters and consequently the device provides an accurate measurement of charged particle density. Confidence in this statem ent is based on the agreement between n+ values computed from equation (7) with the use of measured values of i+ with electron densities measured by the two-element electron temperature experiment described in a succeeding section. An even better test has been performed by Donley (1963) who shows good agreement between ion densities obtained by a similar experiment on a Scout rocket and electron densities simultaneously measured by Bauer & Jackson using radio-propagation methods.
When the angle of the sensor normal relative to the velocity vector is 90°, the observed i+ should behave as though the body is at rest. Current theory for th condition results in . .
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where a is the most probable thermal velocity of the particle. We find th at the observed value for 6 = 90° is larger than what would be computed from equation (8) for reasonable values of ion temperature. This discrepancy represents a gap in current theories which assume a discrete boundary for the satellite's surrounding ion sheath. The most likely explanation for the difference is th at equation (8) should be modified to account for the effect on the positive ion collection of electric fields penetrating the sheath at the sides of the satellite (Schulz & Brown 1955) . Another possible reason is that factually we are not dealing with planar geometry for which equation (8) applies.
. M e a s u r e m e n t s o f p l a s m a -t o -s a t e l l i t e e l e c t r o n c u r r e n t
It can be expected th at the electron current which diffuses from the ionosphere to the satellite would be modulated in accordance with orientation changes relative to both the velocity and magnetic field vectors. It is possible to present measurements of these two effects separately by choosing data obtained at critical satellite orientations. Specifically, we can examine measured electron currents taken a t small distances from the (J)0 plane (cf. figure 55) where changes due to the magnetic field effect are not permitted even though the spacecraft is spinning. Data were so obtained by use of the experiment illustrated in figure 58. The sensor consists of two electrodes, an aperture grid maintained at spacecraft potential and a collector. The positive bias on the latter serves to exclude the effects of positive ion and of photo currents, resulting in unambiguous measurements of only the electron diffusion current. The result, in the form of a graph of electron current as a function of orientation relative to the velocity vector, taken when the average satellite potential was -0-15 V, is illustrated in figure 59 . A maximum is observed in the direction of motion and a minimum in the satellite's wake, representing 15% more or less, respectively, than that measured for an orientation perpendicular to the velocity vector. This modulation index is explainable to the first order by the ratio of electron-to-satellite velocity. The results do contrast with those of Willmore, Boyd & Bowen (1962) who report at least an order magnitude electron current depletion in the wake of the Ariel satellite. We have considered the possibility th at the discrepancy between the abovestated Explorer V III and Ariel observations is due to the fact th a t the data illustrated in figure 59 were obtained near the forward end of the spin axis and thus represent results taken near the edge of the wake. This consideration involves examining data taken when the spin axis was perpendicular to the velocity vector and obtained by use of an electron current monitor situated on the satellite's equator. A schematic of the electron current monitor is illustrated in figure 60 . This sensor responds to photocurrent when pointed toward the sun and to the diffusion of ambient electrons from the ionosphere. The result illustrated in figure 61 was obtained for an orientation such th at magnetic field modulation of the electron diffusion current can be considered minimal. A large photocurrent effect is observed whenever the sensor is oriented within 45° of the sun. Elsewhere it is assumed th a t we are observing only electron diffusion current. We note that, as expected, this current is a minimum when the sensor is located in the wake. We additionally emphasize (a) th at the small percentage modulation is consistent with the relative electron and satellite velocities, and ( th at an appreciable current is observed for 0 = 180°, when the sensor is extremely close to the centre of the wake. We still are left with a difference between the Explorer V III and Ariel results which perhaps is due to the different spacecraft form factors. We now can consider magnetic-field modulation of the electron diffusion current by examining measured values of total or net current to the satellite surface. This was accomplished by measuring the current to a collector flush with and insulated from the satellite skin illustrated in figure 62. This particular sensor was figure 63 . Three pronounced effects are evident: (a) the peak ram ion current as the sensor most nearly points in the direction of motion; (6) the masking photocurrent as the sensor points to the sun; and (c) the maximum electron current when 6 % 280°. I t is the latter observation which illustrates magnetic field modulation of the electron current. A previous analysis (Bourdeau et al. 1961) shows th at this maximum exactly occurs when the azimuth angle between the sensor normal and V x B is zero degrees, a position where the satellite surface is driven most positive by the induced e.m.f. Since the electron current is related exponentially to the surface potential, the sharpness of the current variation near this specific orientation is to be expected.
. E l i m i n a t i o
n o f i n t e r a c t i o n e f f e c t s i n d e r i v i n g g e o p h y s i c a l
PARAM ETERS
It is possible from measurements of current flowing to the satellite to extract information on the ambient electron density and temperature and on the ambient ion density and composition. However, the complex behaviour of the satelliteplasma interaction especially short-term variations of satellite potential and unwanted currents require extreme care in so doing. Our methods of deriving geophysical parameters can be described by continuing reference to figure 63 and the discussion which follows.
To extract the ambient ion concentration, one needs to know unambiguously the behaviour of i+.It is seen from figure 63 th at if one were to use an electrode to determine n+, one has the problem of accounting for unwanted masking electron and photocurrents. This is most easily accomplished by experi mental separation in the manner illustrated schematically in figure 56, leading to the easily interpretable result shown in figure 57. Accurate positive ion densities then are obtainable by use of equation (7) provided th a t one precisely knows the angle of attack and provided th a t (j> Q is negative. The latter requirement arises from the fact th at a positive satellite potential inhibits positive ions from entering the sensor.
The determination of electron concentration and temperature and of ion com position depends upon a measurement of the electron or ion diffusion current as a function of an applied retarding potential. To accomplish this successfully, one must ensure th at the measured current changes reflect only those due to applied retarding potential. Our measurement of ion composition described in the succeeding section was made at the satellite equator. Again, separation of un wanted electron and photocurrents was experimentally accomplished. One next needs to account for orientation changes of This is accomplished by restricting the reduced data to those obtained when is orientation invariant, specifically obtaining a potential-current curve when the sensor was closely pointed into the direction of motion.
Similarly, in extracting the electron parameters we first experimentally separate out the unwanted ion and photo currents. We feel th at this is especially important for charge particle densities less than 104 cm-3, since from figure 64 we know th at the unwanted photocurrent can exceed the electron diffusion current even when the satellite is at plasma potential. Once the unwanted currents are separated out, one only needs to account for orientation changes in the wanted electron diffusion current. W ith specific reference to figure 58, it is seen th at the electron temperature sensor has two modes of operation. In the first mode, no retarding potential is applied so th at the orientation sensitivity illustrated by figure 59 can be measured. From this knowledge, we then can take th at potential-current curve in the second mode of operation where the electron diffusion current changes entirely reflect that due to the applied potential.
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. S u m m a r y o f i o n c o m p o s i t i o n r e s u l t s
Ion composition was measured on the Explorer V III satellite by use of a sensor located on the equator and identical to th at illustrated in figure 56 except th at a retarding potential was applied in series with the collector. Previous publications reported th at 0+ was the predominant ion at altitudes below 1000 km in the day time ionosphere (Bourdeau 1961 ) and th at helium ions become important above this altitude again for the day-time ionosphere (Bourdeau, Donley, Whipple & Bauer 1962) . In this section, we extend the reported results to infer the diurnal upper ionospheric ion composition behaviour for the period November-December 1960.
F ig u r e 64. I o n r e ta r d in g p o te n tia l e x p e rim e n t.
The principle of the experiment (figure 64) is based on the fact that the kinetic energy of an ion relative to the satellite is proportional to its mass. In the upper ionosphere, we are concerned principally with three types of ions 0 +, He+ and H+. Whipple (1959) first set forth the theoretical equations for the behaviour of planar ion traps. As illustrated in figure 65 , the shape of the potential-current curve is characterized by an inflexion point for a binary mixture of 0+ and He+ and by a plateau for a mixture of 0+ and H+. In the illustration, the abscissa is the ion retarding potential, 0r, which is the algebraic sum of the satellite and collector (< J)C ) potentials. The ordinate is the collector current normalized to th at observed at zero retarding potential.
The diurnal behaviour of upper ionospheric composition for the months of November and December 1960, is illustrated in figure 65 . The two upper potentialcurrent curves were taken for different altitudes at times which from the standpoint of the neutral gas temperature represent diurnal minimum conditions. We observe by a comparison of these two curves th a t (a) the transition altitude where 0+ and He+ ions had equal concentrations was at about 770 km, and ( ) th a t at 980 km, the predominant ion was He+. In the latter curve, there is slight evidence from the sharp drop at zero retarding potential th a t protons became a trace constituent 498
R. E. Bourdeau and J . L. Donley (Discussion Meeting) A He+ at 1000 km, such th at the transition altitude from He+ to H+ would occur at about 1200 km. The lower two curves represent data obtained midway between diurnal minimum and diurnal maximum. We observe from the first th at 0+ ions dominated at 800 km and from the second th a t the 0 +-He+ transition altitude has risen to 1500 km. We have observed some diurnal maximum data where this transition took place as high as 1800 km. Our daytime curves show no trace of protons. In summary then, the Explorer V III retarding potential experiment defines an upper ionosphere where in late 1960 0+ ions predominated up to about 800 km at night and up to a t least 1500 km during midday. Helium ions predominated from 800 km to at least 1200 km at night and from 1500 to at least 1800 km a t midday. This qualitatively agrees with the theoretical work of Bauer (1963) who postulates th at these transition altitudes and thus the thickness of the helium ion region can be related directly to the neutral gas temperature (Tg). If we accept a value for T g of 950 °K at the diurnal minimum, then the night-time Explorer V III com position results correspond quantitatively to Bauer's theoretical expectation. On the other hand, if we accept current reference atmospheres where the diurnal maximum T g is given at about 1400 °K, then the measured 0 +-He+ transition at midday is somewhat higher than in Bauer's model. There is closer agreement with Bauer's model if the day-time electron temperatures discussed in the succeeding section are representative of T g. The day-time 0+-He+ transition level is somewhat higher than th a t inferred by Hanson (1962 a) from an ion-density profile taken at a similar epoch of the solar cycle.
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The Explorer V III satellite contained two electron temperature probes. The first was the two-electrode device illustrated in figure 59 . As discussed previously, this sensor had two modes of operation. In the first mode, the aperture grid was maintained at spacecraft potential and the device was used to monitor the orienta tion sensitivity of electron diffusion current, a typical example of which is illus trated in figure 59. In the second mode, a retarding potential is applied to the aperture grid permitting a measurement of satellite potential, and the ambient electron density and temperature. Typical potential-current curves for three conditions are illustrated in figure 66 . Electron temperatures are computed from the slope of the exponential portion of the curves. Satellite potential is obtained from the position along the abscissa of the point at which the current departs from its exponential behaviour. Electron density is computed from the electron current value taken at this specific retarding potential. The first curve is representative of midnight quiet ionosphere conditions in the 400-600 km region, where values of 900 °K, 105 cm-3, and -0-75 V represent typical values of electron temperature and density and satellite potential. The second curve is typical of midday quiet ionosphere conditions at 1000 km where T e, ne, and < f > s were typically 1600 °K, 104 cm-3 and -0-15 V. The third curve is typical of midday quiet ionosphere apogee (2400 km) conditions where T e, ne, and < f > s were typically 1600 °K, 103 cm-3 and + 0-25 V.
Although by the method described in previous sections, we have taken into account possible errors in electron temperature determination due to orientation changes of satellite potential and of the three types of exchange currents, there is left a possibility of error due to changes in the aperture grid's electrical transparency with applied potential. This possible error we believe to be small from a com parison of the two-electrode results with a different electron temperature experi ment also included on the satellite. Electrically this latter experiment, located near the forward end of the spin axis, was identical to th at illustrated in figure 60 500
R. E. Bourdeau and J . L. Donley (Discussion Meeting)
F ig u r e 67 F ig u r e 68 F ig u r e 67. M easured diurnal variation of electron tem perature a t m id-latitudes for m ag netically quiet days (A p < 15). (1962).
I ig u r e 68. Q ualitative diurnal variation of difference betw een electron and ion tem peratures, predicted from diurnal variation of n (O ) and n e.
except that an electron retarding potential was applied to the collector. This particular experiment had a poorer telemetry revolution than the two-electrode experiment; these data were therefore not used extensively. For the times it was used the electron temperature values were in agreement with those obtained from the two-electrode experiment. The short active life of the Explorer V III satellite together with the nature of real time telemetry transmissions severely limits our ability to separate latitude, altitude and diurnal variations of T e. This problem is made even more difficult because the months of November and December 1960 were characterized by a number of rather severe solar flares, truly an unfavourable time interval for the proponents of temperature equilibrium between electrons and heavy particles. Accordingly, we have limited the presentation of these results to 'qu iet' days, specifically when the world-wide index ( A p of magn
The nature of the coverage available from the telemetry receiving network was such th at our data apply principally to magnetic dips between 50 and 70°. The average diurnal variation of T e taken from approximately one hundred passages over a telemetry station is presented in figure 67 . Also shown is the estimated diurnal variation of the neutral gas temperature in the isothermal altitude region for this level of solar activity taken from Harris & Priester (1962) . There is the need for an immediate note of caution-we have made the questionable assumption that the electron temperature is independent of altitude, an assumption which can be examined in some detail as the discussion is developed. I t is seen, first, th a t the average electron temperature taken during the 6 h period centred around midnight is 900 °K. The individual data points showed a standard deviation of 150 deg K. Some of this deviation perhaps reflects expected daily variations in the neutral gas temperature. The altitude interval over which these night-time data apply is 425 to 600 km. The rocket results of Brace & Spencer (1963) justify the assumption th at T e should be constant with altitude at the diurnal minimum. Our average night-time value of 900 °K is in excellent agreement with estimates of the neutral gas temperature for this epoch of the solar cycle, indicating no night-time source of ionization for the stated conditions. Although our night-time values were obtained principally for magnetic dips of 50 to 70° N, the few data we have a t other latitudes show values th at are within the standard deviation at magnetic dips between 0 and 75° N. We did not observe a single value outside this deviation for A p <15. Our observation th at the night-time electron temperature is consonant with the neutral gas temperature contrasts with the midnight rocket result obtained at a magnetic dip of 70° N, for low geomagnetic activity by Brace & Spencer (1963) . Their value of about 1200 °K was obtained in December 1961 when the estimated T g was about 800 °K, thus suggesting a ratio of T We tend not to ascribe the different spaceflight results to the different experimental approaches used since, as discussed later, the Explorer V III midday results are in harmony with those of Brace & Spencer. They ascribe their high night-time value to the possible existence of a local ionization source. Alouette satellite results obtained in late 1962 (Knecht & VanZandt 1963) show th at spread-!'1 conditions are a characteristic feature of the upper ionosphere above 70° magnetic dip. This feature also probably is related to the existence of a secondary ionization source. Willmore et al. (1962) in their preliminary analysis of Ariel satellite results (which also supposes th at Te is independent of altitude) report a latitude dependence of night-time electron temperature with a spread that lies just outside our standard deviation. Their high-latitude values are significantly above the neutral gas temperature inferred from current reference atmospheres. The most probable means of accommodating the Explorer V III night-time results with these other spaceflight observations is to suggest a night-time ionization source at high magnetic dips which grows in relative importance as one approaches the year of minimum solar activity.
Turning now to the midday 6 h period centred at 13.00 l .m .t ., the average observed electron temperature for this time interval was 1600 °K with a standard deviation of 200 deg K. This portion of the diurnal variation was obtained at altitudes between 1000 and 2000 km and mostly over Australia (magnetic dip 50 to 70° S). We have not included in this average a small percentage of the total number of observations where anomalously high values were observed. These could represent residual effects of solar flares which characterized the active life of Explorer V III. The average value of 1600 °K is within 200 deg K of current estimates of the neutral gas temperature at diurnal maximum for the period November-December 1960. Our average value agrees well with other spaceflight results obtained for the same latitude, similarly ' quiet ' ionospheric conditions and during the same epoch of the solar cycle. Hanson (1962a) infers from an ion density profile taken in October 1960 th at \{T e-\-Ti) was 1600 °K, data which apply to our altitude interval. When Hanson's result is compared with the Explorer V III T e result, one concludes th a t T e ^ T i for this general time interval and in this altitude region. One also infers close equivalency of the charged particle and neutral gas temperatures. On the assumption of altitude-independent temperatures, the Explorer V III result also is in good agreement with the value for |( T e-t-T^) of 1600 °K obtained in the altitude region 350 to 600 km by Jackson & Bauer (1961) from an electron density profile measured on a rocket launched in April 1961. Again assuming altitudeindependent temperatures, we also are in good agreement with the March 1961 rocket measurement of T e obtained at about 350 km by Brace & Spencer (1963) who conclude 'thermal equilibrium is normal in the quiet, day-time ionosphere at mid-latitude, except in the lower E-region (approximately 150 to 300 km )'.
We emphasize th at all of the above described rocket results and the conclusion of temperature equilibrium derived therefrom were obtained at midday, at mid latitudes under quiet ionospheric conditions and for a specific epoch of the solar cycle. Evidence is growing that to generalize the conclusion of temperature equilibrium for all latitudes and for other portions of the solar cycle would be premature. Brace & Spencer (1963) report high electron temperatures in the auroral region during 1960. Evans (1962) reports a value for T J T i of 1*6 above 200 km obtained in 1962 at magnetic dip 70° N from ground-based incoherent backscatter observations. The reported high-latitude midday T e results from the Ariel satellite (Willmore et al. 1962 ) have values significantly higher than the estimated neutral gas tem perature for the pertinent time interval (May 1962) , Since some of these data were obtained at the quoted Explorer V III latitudes, there is an inference th at the ratio T J T i tends to increase considerably both as one approaches solar minimum and/or goes to high latitudes.
We consider last the most pronounced feature of the Explorer V III diurna T c variation-the high electron temperatures observed in the sunrise period. These values of up to 2-5 times the estimated neutral gas temperature were obtained in the altitude interval 600 to 900 km at magnetic dips 50 to 70°. Bowles, Ochs & Green (1962) report a maximum in T J T i during the sunrise period from ground-based incoherent backscatter results obtained at the geomagnetic equator. Evans (1962) , on the other hand, reports th at T J T i reaches a maximum a t noon. Hanson (19626) and Dalgarno, McElroy & Moffett (1962) on the assumptions th at solar radiation is the only ionizing source and th at the excess photo-electron energy is deposited below the F 2 peak have estimated theoretically small differences in T e and T i in the upper ionosphere but only for a midday ionosphere. Bo works related the temperature difference (Te -T i) for altitudes above the F 2 peak to the ratio /i(0)/nf, where w(0) is the number density of oxygen atoms. Dalgarno (1963) using hypothetical values for ne has extended the theoretical estimates to suggest high electron temperatures in the sunrise period. We have applied this reasoning to a more practical case by dividing the diurnal variation of given by Harris & Priester (1962) by the diurnal nf variation reported by Blumle, Fitzenreiter, Bauer & Jackson (1963) from the Alouette satellite, both variations applying to the period of late 1962. The result for different altitude increments is presented in figure 68 . I t shows th a t high electron temperatures should be expected in the sunrise period but th at the effect becomes rather diffuse at altitudes above 700 km. I t additionally shows th at the temperature difference can increase somewhat in the sunset period. We emphasize the qualitative nature of figure 69 principally because: (a) solar ultra-violet intensity was not measured at the same time, and (b) since w(O) is an inferred rather than a measured parameter. However, if the shape of the w(O) variation as a function of diurnal time is correct, we would expect T J T i to be largest at sunrise and increase somewhat at sunset for the altitude interval of the Explorer V III measurements. We do observe th at T e is a maximum a t sunrise and th at T J T i is somewhat larger at sunset than at midday. The sunset data shown in figure 66 were obtained between 600 and 900 km. We did not include in this averaging several higher-altitude observations where T e was higher than the average curve. Hanson (19626) has suggested the possibility th at some photoelectrons can diffuse along magnetic field lines and deposit their energy at higher altitudes. This would be critically dependent on the relationship between magnetic dip and the solar zenith angle. It is possible th at the higher T e values observed above 900 km at sunset are related to this hypothesis. In order to relate the work reported in this paper to the other experiments carried in the satellite Ariel I, a brief account of the aims of the ionospheric and solar experiments is relevant. The provision of an internal tape recorder, and the satisfactory expected life and orbital parameters possible, provided a unique opportunity for comprehensive study of the upper ionosphere. I t was resolved to provide means not only to measure the primary parameters of the ionosphere-ionic composition and temperature, and electron concentration and temperature-but also to study the solar behaviour with a view to relating it to secular features in the ionospheric behaviour th at became evident. At the time it was not practicable to provide means to monitor the solar helium 11 Lyman-a radiation likely most to affect the higher regions so it was resolved to monitor the H Lym an-a flux and the soft X-ray spectrum as indices of the behaviour of the chromosphere and corona, respectively. The H Lyman-a experiment failed on launch. The X-ray work, which was undertaken in collaboration with the University of Leicester, is reported later in this Symposium.
The basic aims may be summarized as follows:
(1) to study the top-side ionosphere as widely as possible in latitude, longitude, altitude and tim e;
(2) to make a simultaneous study of solar behaviour; (3) to study the perturbation of the plasma by the satellite; (4) to provide some degree of cross-checking between various experiments. It was clear in view of the very large volume of information likely to be acquired in the course of months and because of the complex interplay of the factor mentioned in aims (1) and (2) above th a t automatic data analysis would be essential if anything aproaching the full value of the data were to be extracted in reasonable time. The ion-mass spectrometer data, which is the main concern of this paper, was too complex in character to permit of internal analysis and for this reason it was not possible to reduce it sufficiently in the satellite to enable it to be recorded on the internal tape recorder. The coverage of ionic data is therefore less
